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Agenda
» Review FCC broadband availability and broadband usage based
Microsoft data.

e Discuss using FCC Subscription data, Microsoft Usage data, and other
3rd party public data to help judge broadband progress and identify
future investments.

 Explore the definition of “broadband availability” and any steps we
can jointly take to define “broadband availability” from a consumer
perspective

* Present outlier zip code analysis
 Impact broadband has on GDP and Jobs

 Review wired vs wireless technology adoption curves



Broadband availability based on FCC Form 477 data

« 2019 FCC Broadband report states broadband is available to ~93.5% of people in
the United States

« ~21.3M people do not have access to broadband

* FCC fixed broadband has or "could" provide greater than or equal to
25Mbps / 3Mbps

>0% to <=20% >20% to <=40% >40%to<=60% >60%to <=80% >B80% to 100%

FCC broadband o
availability .

Data sources: FCC 2019 Broadband report based on Form 477 data from December 2017 and Microsoft data from September 2018



Broadband usage based on Microsoft data

» FCC reports 93.5% of the country has access to fixed broadband at a minimum of 25 Mbps/3Mbps; Microsoft estimates ~49%
of people access the internet at broadband speeds

Availability does not equal usage; however usage gives us the ground truth in the progress we are making in broadband
adoption.

Through artificial intelligence and machine learning models using device level (no PIl) data (over 200+ Microsoft services)
we estimate download speeds and broadband coverage

We make a very minor adjustment in areas of the country that Microsoft may not have a presence with third party data i.e.
ComScore

FCCindicates broadband is available to Microsoft indicates 49.5% of people use the
93.5% of people internet at broadband speeds

* FCC fixed broadband has or "could" provide greater than or equal to Broadband speed greater than or equal to 25Mbps
25Mbps / 3Mbps
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Datasources: FCC 2019 Broadband report based on Form477 data from December 2017 and Microsoft data from September 2018



Use FCC Subscription data, Microsoft Usage data, and other 3rd party
public data to show a more transparent view of today's actual gaps in
broadband progress.

* There is a ~90% correlation between the ISP self stated “usage” data known as
“Connection data” and broadband usage based on Microsoft data.

FCC Broadband connection vs Microsoft Estimate

Figure 32 - Continued

Fixed Con i and H holds by State as of June 30, 2017
(C and in
At least 200 kbps in At least 10 Mbps Down At least 25 Mbps Down At least 100 Mbps Down
at least One Direction and 1 Mbps Up and 3 Mbps Up and 10 Mbps Up
Subsonbership Subscnibership Subscribership Subscribership

State Households Gonnactions Ratio CGonnections Ratio Connections Ratio Cannactions Ratio

Nevada 1,031 8 0.80 740 orz 580 080 S =
New Hampshire 621 484 003 414 079 a73 072 138 020
New Jersey 3.105 2045 082 2702 oar 2,600 0.84 1076 0.34
New Mexioo 703 848 072 332 043 288 038 &0 Q.10
New York 7.200 0,180 0.8 5720 (] 5.038 0.e0 2,078 0N
North Carcling 3.815 3,002 0.80 2,300 062 1,081 082 1,108 02
Nerth Dakots 305 240 081 218 070 172 088 & 0.10
Northam Marisna Is! 18 A * ¢ L) * & 0 0.00
Ohio 4,001 3573 078 2,880 oe3 1.704 038 an 0.06
Oklahome 1402 1.014 0.60 741 081 477 033 140 0.10
Oregon 1,548 1,304 084 1.045 0.68 022 0.80 208 047
Pannsylvania 4,002 4,031 081 3.307 oes 3,010 o081 1,158 023

Puarto Rico 1,237 o] td = { = * > L

Rhada Island 410 303 oes 0 o085 314 (& ] o 2
South Caroling 1830 1,438 078 1.181 oe4 ™ 0.40 100 0.05
South Dakots 334 260 0.78 220 063 188 058 17 0.0
Tennessee 2822 1,805 074 1,870 062 1,207 048 202 0.12
Taxas 0.200 7,320 079 6,131 oea 4,308 0.47 2072 0.22
Utah 018 702 080 001 08s 826 087 214 023
Vermont 287 242 0.04 171 oer 138 0.83 83 0.21

Virgin Islands 43 27 082 ! i B i . ki
Virginia 3.000 2534 082 2204 [&4] 1,007 084 708 0.23
Washington 2,007 2,300 080 1,950 o2 1,780 068 882 025
Wast Virginia 730 530 072 a7 080 208 0.40 72 0.10
Wisconain 2310 1.820 0.70 1435 oe2 050 041 27 0.01
Wyoming 227 177 0.78 128 067 108 048 1 0.00
Total 110,084 97,071 0.82 80.671 088 84.520 084 21.774 0.18

# = Rounds to Zero: * = Data withheld to maintain firm confidentialty.
Note: Figures may not sum 1o totals due to rounding.
Sources: FCC Form 477 (Connections); 2012-2018 S-year astimates: Cansus 2010




Explore the definition of broadband availability

 What does “broadband” mean to the consumer?
« FCC definition is 25Mbps down and 3 Mbps up

 What does it mean to have broadband “available” to the consumer?
* Quality, Cost, and Time

Pew Research
65% of U.S. adults who are home
broadband users (01/18/18)

Per Pew Research article in August 2013
"Our broadband question has historically
tried to distinguish between dial-up users
and those with higher connection speeds.”

Phone survey question: "At home, do you
connect to the Internet through a dial-up
telephone line, or do you have some other
type of connection, such as a DSL-enabled
phone line, a cable TV modem, a wireless
connection, or a fiber optic connection such
as FIOS

American Fact Finder
67% of households with broadband
subscriptions (2013-2017)

An Internet "subscription” refers to a type of
service that someone pays for to access the
Internet such as a cellular data plan,
broadband such as cable, fiber optic or DSL,
or other type of service. This will normally
refer to a service that someone is billed for
directly for Internet alone or sometimes as
part of a bundle

Broadband such as cable, fiber optic, or DSL

FCC

54% subscription ratio of residential
fixed connections and households at
least 25Mbps down and 3Mbps up

Form 477 Fixed Broadband Subscription
June 0217

Report the total number of in-service
connections—and report the number of in-
service connections that are in consumer
service plans—for each unique combination
of census tract and service characteristic.

Broadband connections are wired “lines” or
wireless “channels” that enable the end user
to receive information from and/or send
information to the Internet at information
transfer rates exceeding 200 kbps in at least
one direction



Objective of the outlier zip code analysis

« Hypothesis: If we can find zip codes with inaccuracies in availability data in an automated way
using machine learning this could help the FCC (given their stated limited resources to inspect and
enforce potential inaccuracies) and ISPs (to correct data inaccuracies).

« Utilizing further machine learning to predict availability, we have created a model to identify a
subset of zip codes that MAY have inaccuracies.

« There is no guarantee that these zip codes are being reported inaccurately; however based on
using a machine learning model and additional validation with a third-party survey done by
Broadbandnow, we recommend that the FCC uses this as a short list to inspect potential
Inaccuracies.

« Our plan is to make the model publicly available on GitHub and the output publicly available in
the near future.



Top 20 potential outlier zip codes

- List of the top 20 potential
outlier zip codes sorted by
the largest difference in
reported FCC availability
and Microsoft ML predicted
availability out of a longer
list we are reviewing.

State Zip code FCC broadband Usage Feb 2019
availability 2019
report
PA 17949 91.8% 0.0%
VA 22742 100.0% 0.5%
WV 26386 100.0% 9.5%
FL 33890 94.0% 4.7%
OH 44076 92.1% 5.9%
OH 45856 98.3% 4.5%
1A 50514 98.0% 4.5%
MN 56282 100.0% 3.7%
KS 66079 100.0% 0.6%
AR 71956 97.3% 6.1%
AR 71968 99.1% 7.7%
OK 74332 99.9% 0.7%
X 78118 100.0% 3.4%
X 78151 99.6% 0.5%
X 78941 99.5% 2.8%
CA 93602 93.7% 8.5%
CA 95638 100.0% 2.2%
OR 97456 94.7% 7.6%
WA 98855 97.9% 7.4%
WA 99122 100.0% 4.0%




Zip code: 22742 in Virginia

Estimated FCC Estimated percent of
broadband availability* people using the internet
(2019 report) at broadband speeds

100.0% 0.5% 99.5

* zip codes may contain portions of multiple census tracts

BROADBANDNOW?®
DOWNLOAD SPEEDS IN SUMERDUCK
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Source: FCC 2019 broadband report, Microsoft data, and broadbandnow.com



Broadband is less available in counties with high unemployment
compared to counties with lower unemployment

Counties with the highest unemployment rates have
lower broadband availability

Bs Microsoft

Q2 39, FCC broadband availability

91 7% 10 counties with the lowest

unemployment rate

61 7% 10 counties with the highest

unemployment rate

_299% Difference

FCC average broadband availablity per state
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Data sources: FCC 2018 Broadband Report, Bureau of Labor Statistics, and Microsoft data; 10

Crandall et al. (2007) - Brookings Institution:

Thompson and Garbacz (2009) - Ohio University: Gillett et al. (2006) — MIT; Shideler et al. (2007) - Connected Nation: Crandall et al. {(2003) - Brookings Institution; Atkinson et al. (2009) - ITIF



Similar to broadband availability, usage is lower in counties with high
unemployment compared to counties with lower unemployment

B \jicrosoft Counties with the highest unemployment rate have
lower broadband usage

( FCC broadband availability ]

[ Broadband usage ]

49.5% Broadband usage

476% 10 counties with the lowest

unemployment rate

Broadband usage
by state
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Data sources: FCC 2018 Broadband Report. Bureau of Labor Statistics, and Microsoft data;

Crandall et al. (2007) - Brookings Institution: Thompson and Garbacz (2009) - Ohio University: Gillett et al. (2006) - MIT: Shideler et al. (2007) - Connected Nation: Crandall et al. (2003) - Brookings Institution; Atkinson et al. (2009) - ITIF



Wireless technology adoption occurs at a much faster rate than

wired technologies

: i . . = = = Wireless technology (e.g. radio, television, and cell phone)
Adoption rate curves for wireline and wireless technologies : Aed :

Wired technology (e.g. electricity, landline, and cable television)
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Data sources: Technology Diffusion (Comin and Hobijn (2004) and others)

Technology - filter
W wired
B wireless
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